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(54) Exhaust gas purifying catalyst 

(57) An exhaust gas purifying catalyst comprises a 
first catalyst disposed in an exhaust gas stream for oxi- 
dizing NO to NO2 and a second catalyst disposed in the 
exhaust gas stream downstream from the first catalyst 
for reducing the oxidized NO2 which clacks HC having a 
large carbon number to HC having a small cartx>n 
number and causes the clacked HC to react with NOg 
so as thereby to reduce the NO2. 
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Description 

[0001 ] This invention relates to an exhaust gas purify- 
ing catalyst suitable for lowering an emission level of 
NOx in an exhaust gas with an oxygen concentration s 
greater than 10 % from a diesel engine and an exhaust 
gas with a high oxygen concentration such as greater 
than 4 % produced as a result of combustion of a lean 
fuel mixture with an air-to-fuel ratio greater than 22 in a 
lean burn engine. 

[0002] One of exhaust gas purifying catalysts 
described in, for example. Japanese Unexamined Pat- 
ent Publication No 63 - 49255 comprises two parts, 
namely a first catalyst disposed in an exhaust gas 
stream for oxidizing NO to NO2 and a second catalyst is 
disposed in the exhaust gas stream downstream from 
the first catalyst for catalyzing reduction of NOg to N2 
have been known in the art. This exhaust gas purifying 
catalyst employs metals such as Ag and Mn, an oxide of 
Cu or halogenide for the first catalyst and zeolite for the 20 
second catalyst. Another one of exhaust gas purifying 
catalysts desaibed in, for exanrple. Japanese (Jnexanrv 
ined Patent Pul)lication No. 8 - 278131 comprises three 
parts, namely a first catalyst containing Ag supported 
on one of alumina and titania, a second catalyst con- 2S 
taining Ag, Cu or Ni supported on one of alumina, tita- 
nia, zeolite, silica and zirconia, and a third catalyst a 
metal such as Pt supported on one of alumina, titania, 
zeolite, silica and zirconia. The first catalyst is disposed 
in an exhaust gas stream and works to oxidize NO to 30 
NO2. and a mixture of the second and third catalysts is 
disposed in the exhaust gas stream downstream from 
the first catalyst and works to catalyze reduction of NO2. 
Still another exhaust gas purifying catalyst described in, 
for example. Japanese Unexamined Patent Publication 3S 
No. 8 - 192050 comprises two parts, namely a first cat- 
alyst containing Ag. Co or Ni supported on alumina and 
a second catalyst containing Ag supported on molden- 
ite. The first catalyst is disposed in an exhaust gas 
stream and works to oxkJize NO to NO2. and the second 40 
catalyst is disposed in the exhaust gas stream down- 
stream from the first catalyst and works to catalyze 
reduction of NO2. A further exhaust gas purifying cata- 
lyst described in, for example, Japanese Unexamined 
Patent Publication No. 9 - 299795 comprises two parts, 45 
namely a first catalyst containing Pt supported on alu- 
mina disposed in an exhaust gas stream for oxidizing 
NO to NO2 and a second catalyst containing Pt and 6a 
supported on alumina disposed in the exhaust gas 
stream downstream from the first catalyst for adsorit)ing so 
NO2 and catalyzing reduction of adsorbed NO2. 
[0003] These prior art exhaust gas purifying catalysts 
work to oxidize NO in an exhaust gas to NO2, and then 
to catalyze reduction of NO2 for decomposition. In order 
to effectively cause reduction of NO2. it is effective to uti- 55 
lize a reducing agent with a high activity and to oxidize 
NO to NO2 with a high efficiency For purification of NO, 
there are two process. One of the two processes is to 



reduce and decompose NO2 after oxidizing NO to NO2. 
Another process is to directly reduce and decompose 
NO. In order to achieve more efficient purification of NO, 
the later process can not be disregarded. In the cases 
where exhaust gases contain sulfide, it is necessary to 
prevent catalytic components from being poisoned with 
the sulfide. 

[0004] The present invention has its object to provide 
an exhaust gas purifying catalyst which can significantly 
lower the emission level of NO in an exhaust gas with a 
high oxygen concentration. 

[0005] An exhaust gas purifying catalyst of the inven- 
tion comprises a first catalyst for oxidizing NO to NO2 in 
exhaust gases and a second catalyst for reducing the 
oxidized NO2 in the exhaust gas. The second catalyst 
decks HC having a large cartaon nunrtber (e.g. 12 to 20) 
to HC having a small cart)on number such as olefin and 
causes the clacked HC to react with NO2 so as ther^ 
to reduce the NO2. Because of the clacking function of 
the catalyst, the NO2 oxidized by the first catalyst is effi- 
ciently reduced under existence of the HC having a 
small carbon number which has a high activity on the 
second catalyst. The first catalyst preferably contains at 
least one selected out of catalytic metals Ag, Co and 
Mn. Each catalytic metal may be supported alone or In 
combination with any one of the remaining catalytic 
metal. A combination of two catalytic metals Ag and Co 
improves NO-to-N02 conversion efficiency of the cata- 
lyst or prevents aggravation of NOx purification effi- 
ciency due to sulfur compounds, for example preventing 
Ag from being poisoned with a sulfide. Alumina, mes- 
opore-silicate and FAU zeolite, alone or in combination, 
are preferably used as a t>ase material. 
[0006] The first catalyst may further contain at least 
one selected out of catalytic metals Ni. Ce. Rh and Fe 
with an effect of improving NO-to-N02 conversion effi- 
ciency and inaeasing resistance to sulfuration. Espe- 
cially, a combination of Ag and Ni as the first catalytic 
metal provides a significant increase in NO-to-N02 con- 
version efficiency and great improvement of resistance 
to sulfuration. In this instance, the first catalyst prefera- 
bly contains 20 to GO g per one liter substrate of Ag and 
20 to 50 g per one liter substrate of NI. 
[0007] In the case where the first catalyst contains a 
combination of Ag and Co as catalytic metals, the first 
catalyst may comprise an under catalyst layer contain- 
ing Ag as a catalytic metal coated on a sut3Strate and an 
over catalyst layer containing Co as a catalytic metal 
coated over the under catalyst layer, which provides an 
effect off significant increasing NO-to-N02 conversion 
efficiency and greatly improving resistance to sulfura- 
tion. 

[0008] On the other hand, the second catalyst may 
contain a catalytic metal supported on a metal silicate 
through ion exchange. This is because it has a superior 
HC clacking function, the ion exchange increases dis- 
persion of the catalytic metal, and the catalytic metal is 
made easy to attract NO2 due to electrical charge devi- 
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ation. A noble metal such as Pt may be used as a pref- 
erable catalytic metal. It is to be noted that the zeolite on 
which a catalytic metal such as R is supported through 
ion exchange not only reduces and decomposes NO2 
but also directly reduces and decomposes NO. Accord- 5 
ingly. the reducing function of the second catalyst in 
cooperation with the oxidizing function of the first cata- 
lyst provides significantly improved NOx purification effi- 
ciency 

[0009] As apparent from the above, it can be said that 10 
an exhaust gas purifying catalyst is preferred for high 
NO conversion efficiency to comprise a combination of 
a first catalyst containing at least one selected out of 
catalytic metals Ag. Co and Mn and a second catalyst 
containing a noble metal represented by R supported is 
on metal silicate represented by zeolite through ion 
exchange. An exhaust gas purifying catalyst comprising 
a first catalyst containing Ag as a catalytic metal is 
espedally preferable. 

[001 0] In the case where an exhaust gas purifying cat- 20 
alyst comprises a combination of a first catalyst contain- 
ing Ag as a catalytic metal and a second catalyst 
containing a noble metal supported on metal silicate 
through ion exchange, it is preferred to fbrm the first and 
second catalysts in the form of individual layers on a 2S 
substrate. This Is because Ag particles dispersed near 
noble metal particles impose an adverse affect on the 
activity of the noble metal. In this instance, ft is preferred 
to dispose the first catalyst in an exhaust gas stream 
upstream from the second catalyst 30 
[001 1 ] According to another embodiment of the inven- 
tion, the exhaust gas purifying catalyst for oxidizing NO 
to NO2 in an exhaust gas contains least one selected 
out of catalytic metals Ag and Co and at least one 
selected out of catalytic metals Ni and Ce in combina- 35 
tion. In this instance, the catalytic metal Ni or Ce works 
effectively as a promoter or additive to pronrrote oxida- 
tion of NO to NO2. so as ttiereby to provide an increase 
In NO-to-N02 conversion efficiency and improve resist- 
ance to sulfuration of Ag and Ce. 40 
[0012] According to still anotiier embodiment of tiie 
invention, the exhaust gas purifying catalyst containing 
Ag as a catalytic metal furtiier contains at least one 
selected out of catalytic metals Ni. Ce, Rh, Ce and Fe 
with an effect of further improving NO-to-N02 conver- 45 
sion efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other objects and features so 
of the invention will become apparertt to one having 
ordinary skill in the art from the following description 
directed to preferred embodiments tiiereof when read- 
ing in conjunction witii the accompanying drawings, in 
which: ss 

Figure 1 is a schematic t)lock diagram showing an 
exhaust gas purifying catalyst according to an 



embodiment of the invention; 
Rgure 2 is a graph showing the relationship 
between inlet temperature and NOx purification effi- 
ciency for sanple exhaust gas purifying catalysts 
according to an emkxxliment of the invention and a 
comparative exhaust gas purifying catalyst; 
Figure 3 is a graph showing C300 and maximum 
NOx purification efficiency for different sample 
exhaust gas purifying catalysts comprising different 
first catalysts; 

Rgure 4 is a graph showing NO conversion effi- 
ciency with respect to inlet temperature for different 
first catalysts; 

Figure 5 is a graph showing C300 and maximum 
NOx purification efficiency for sample exhaust gas 
purifying catalysts comprising different second cat- 
alysts: 

Rgure 6 is a graph showing catalytic exhaust gas 
purification efficiency for a sample exhaust gas 
purifying catalyst according and a exhaust gas puri- 
fying comparative catalyst actually installed on a 
vehicle; 

Rgure 7 is a graph showing maximum NO-to-N02 
conversion efficiency with respect to Ag content of 
an Ag/Al203 catalyst; 

Rgure 8 is a graph showing C250, C300 and maxi- 
mum NO-to-N02 conversion efficiency for an 
Ag/Al203 catalyst and simultaneous impregnation 
type of sample Ag/Al203 first catalysts before sulfu- 
ration treatment: 

Rgure 9 is a graph showing C250, C300 and maxi- 
mum NO-to-N02 conversion effteiency for an 
Ag/Al203 catalyst and simultaneous impregnation 
type of sample Ag/Al203 first catalysts after sulfura- 
tion treatment; 

Rgure 10 is a graph showing C250. C300 and max- 
imum NO-to-N02 conversion efficiency for a simul- 
taneous impregnation type of first catalysts and a 
separate impregnation type of f irst catalysts before 
sulfuration treatment; 

Rgure 11 is a graph showing C250. C300 and max- 
imum NO-to-N02 conversion efficiency for a simul- 
taneous impregnation type of first catalysts and a 
separate impregnation type of first catalysts after 
sulfuration treatment; 

Rgure 12 is a schematic cross-sectional view of a 
layered type of first catalyst; 
Rgure 13 is a graph showing C250. C300 and max- 
imum NO-to-NC^ conversion efficiency for an 
Ag/Al203 first catalyst and a layered type of first cat- 
alysts before sulfuration treatment; 
Rgure 14 is a graph showing C250. C300 and max- 
imum N0-tc>-N02 conversion efficiency for an 
AQ/M2O2 first catalyst and a layered type of first cat- 
alysts after sulfuration treatment; 
Rgure 15 is a graph showing C250 and maximum 
NO-to-N02 corrversion efficiency with respect to Ni 
content of an Ag-Ni/Al203 first catalyst before and 
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atter sulfuration treatment: and. 
Figure 16 is a graph sliowing C250 and maximum 
NO-to-N02 conversion efficiency with respect to Ag 
content of the Ag-Ni/AlaOa first catalyst before and 
after sulfuration treatment. 

DETAILED DESCRIPTION OF PREFER RED EMBOD- 
IMENTS 



[0014] In the following description, the term -C250 NO 
conversion efficiency" as used herein shall mean and 
refer to efficiency of NO-to-NOa conversion of an 
exhaust gas purifying catalyst at an inlet temperature of 
250*C, the term "0300 NO conversion efficiency" as 
used herein shall mean and refer to efficiency of NO-to- 
NO2 conversion of an exhaust gas purifying catalyst at 
an inlet temperature of 300*»C, and the term "Cmax tem- 
perature" as used herein shall mean and refer to an inlet 
temperature at which an exhaust gas purifying catalyst 
shows maximum efficiency of NO-to-NOa conversion. 
[0015] Referring to the drawings in detail and. in par- 
ticular, to Figure 1 showing a structure of an exhaust 
gas purifying catalyst 1 of the invention suitable for a 
diesel engine, the catalyst 1 comprises a first or 
upstream catalyst 2 disposed in an exhaust gas stream 
Ex after a diesel engine Eg and a second or down- 
stream catalyst 3 disposed in the exhaust gas stream 
Ex adjacent to and downstream from the first catalyst 2. 
The first catalyst 2 works to oxidize NO to NO2, and the 
second catalyst 3 works to catalyze reduction of the 
NO2. These first and second catalysts may be formed 
separately on a single substrate or on separate sub- 
strates. Further, the first and second catalysts 2 and 3 
may be formed in layers on a single substrate. If the first 
and second catalysts 2 and 3 interfere in catalytic func- 
tion with each other, they are formed in layers with a 
buffer layer intervened between the first and second cat- 
alyst layers. If the first and second catalysts 2 and 3 do 
not interfere in catalytic function with each other, they 
may be supported as a mixture on a sut)strate. 
[001 6] As an example (marked SCI 2) of the exhaust 
gas purifying catalyst 1 , the first catalyst 2 consists of an 
Ag/AlaOa catalyst in which Ag as a catalytic noWe metal 
is supported on an alumina base material, and the sec- 
ond catalyst 3 consists of a Pt*-MF1 catalyst in which R 
as a catalytic noble metal is supported on an I^FI zeolite 
(composite zeolite ZSM-5) base material by ion 
exchange. 

[0017] In preparation of the Ag/AlaOa catalyst, a 
y(gamma)-alumina powder having a high specific sur- 
face area as a base material and a hydrated alumina 
powder as a binder were mixed with a weight ratio of 10 
: 1 , and the mixture was added with water to provide a 
mixture slurry. A honeycon* substrate, which had a vol- 
ume of 25 mU 400 ceils per square inch and a wall of 
0.006 inch thickness, was dipped in and drawn from the 
mixture slurry and dried in an oven. The process was 
repeated until 1 50 g/L (1 50 g per one lit. of substrate) of 



the alumina base material was supported as a layer on 
the honeycomb substrate. The alumina layer on the 
honeycon* sut>strate 1 was impregnated with a speci- 
fied quantity of solution which was prepared by dissolv- 
5 ing a silver nitrate in deionized water and dried at 200'C 
in an oven and then calcined at 500*^0 for two hours in 
an electric furnace to support 0.44 mol/L Ag on the hon- 
eycomb substrate. The first catalyst contained impuri- 
ties less than 1 %. In the following description, the 
70 impurities content of a catalyst is always less than 1 %. 
[0018] In preparation of the R*-MFI catalyst as the 
second catalyst 3. a H-type of MFl zeolite (ZSM-5 made 
by PQ Corporation) having a salic ratio of 30 was 
thrown in water, and then stirred and heated until the 
15 solution attained a temperature of SO^'C. Subsequently, 
the MFl zeolite solution was mixed with a specified 
quantity of solution of hexaamine-platinum-tetrachloride 
(R(NH3)6Cl4). and the solution mixture was stirred and 
heated for three hours, and thereafter cooled and fil- 
20 tered to provide a solid mixture. The solid mixture was 
rinsed and dried to provide a powder of the mixture. The 
mixture powder was finally calcined at 350°C for two 
hours to prepare the Pt*-MFI catalyst. 
[0019] The R*-MFI catalyst powder and hydrate alu- 
25 mina powder were nrnxed with a weight ratio of 10 : 1, 
and the mixture was added with water to provide a mix- 
ture slun'y. A honeycomb substrate, which had a volume 
of 25 ml_ 400 cells per square inch and a wall 0.006 
inch thickness, was dipped in and drawn from the mix- 
30 ture slurry, and dried in an oven. The process was 
repeated until 150 g/L of the Pt*-MFi catalyst powder 
was supported as a layer on the honeycomb substrate. 
In this instance, the R+-MFI catalyst layer contained 0.3 
g/L R. In order to make NOx purification efficiency 
35 measurements, the first and second catalysts 2 and 3 
were installed in an exhaust gas flow tunnel apparatus 
in order from the upstream side. The inlet tenperature 
of exhaust gas was increased at a rate of 25**C/min. An 
exhaust gas was simulated as follows and circulated 
40 through the apparatus at a space velocity of 85000/h. 

HC : 1 70 ppmC (dodecane CiaHae) 



O2 :10% 



45 



CO :200ppm 
NO :170ppm 
so H2O :5% 
CO2 :4.5% 
Na : Reminder 

55 

[0020] Figure 2 summarizes the result off NOx purifi- 
cation efficiency measurements for the sample exhaust 
gas purifying catalyst 1 together with a comparative 
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exhaust gas purifying catalyst which was comprised of 
Pf*"-MFI first and second catalysts. As apparent from 
Figure 2, the sample exhaust gas purifying catalyst 1 
comprising the AQ/AA2O3 first catalyst and the Pt*-MFI 
second catalyst shows high NOx purification efficiency 
at exhaust gas temperatures higher than approximately 
240°C. 

[0021] For sample exhaust gas purifying catalysts 
SCI through SCI 2 comprised of different first catalysts 
and the R*-MFI second catalysts, respectively, NOx 
purification efficiency measurements were made under 
the same condition excepting that the inlet temperature 
of simulated exhaust gas was Increased at a rate of 
25''C/min after holding the simulated exhaust gas at 
leo^'C for five minutes. The result of NOx purification 
efficiency measuremerrts Is summarized in Figure 3 In 
which C300 and Cmax indicate NOx purification effi- 
ciency of the exhaust gas purifying catalyst at an inlet 
temperature of SOC'C and maximum NOx purification 
efficiency of the exhaust gas purifying catalyst. 
[0022] The respective sample exhaust gas purifying 
catalysts SCI to SC12 were comprised of the following 
first and second catalysts. 

Sample exhaust gas purifying catalyst SC1 

[0023] 

First catalyst: Co-Ce/H-FAU 
H-type FAU zeolite as a base material was impreg- 
nated with catalytic metals Co and Ce simultane- 
ously. 

Second catalyst: Pt^-MFl 
Sample exhaust gas purifying catalyst SC2 
[0024] 

Rrst catalyst: Ag-Ni/AlaOa 
y-alumlna as a base material was impregnated with 
catalytic metals Ag arxl Ni simultaneously. 
Second catalyst: Pi*'MF\ 

Sanple exhaust gas purifying catalyst SC3 

[0025] 

First catalyst: Co/H-FAU 

H-type FAU zeolite as a base material was impreg- 
nated with a catalytic metal Co. 
Second catalyst: Pt^*MFI 

Sample exhaust gas purifying catalyst SC4 

[0026] 

Rrst catalyst: Ag/H-p 

H-type p-zeolite as a base material was impreg- 



" nated with a catalytic metal Ag. 
Second catalyst: Pt*-MFI 

Sample exhaust gas purifying catalyst SC5 

5 

[0027] 

Rrst catalyst: Ag/H-FAU 

H-type FAU zeolite as a base material was impreg- 
w nated with a catalytic metal Ag. 
Second catalyst: Pt+-MF1 

Sample exhaust gas purifying catalyst SC6 

15 [0028] 

Rrst catalyst: Ag/MPS 

Mesopore silicate (crystal silicate having 1 to 24 nm 
diameter of pores) as a base material was Impreg- 
20 nated with a catalytic metal Ag. 
Second catalyst: Pt^-MFI 

Sample exhaust gas purifying catalyst SC7 

25 [0029] 

Rrst catalyst: Ag/H-MFl 

H-type MFl zeolite as a t>ase material was impreg- 
nated with a catalytic metal Ag. 

30 

Second catalyst: R*-MFI 

Sample exhaust gas purifying catalyst SC8 

35 [0030] 

Rrst catalyst: Ag-Co/AlaOa 
Y-alumina as a base material was impregnated with 
catalytic metals Ag and Co simultaneously. 
40 Second catalyst: Pt*-MFI 

Sample exhaust gas purifying catalyst SC9 

[0031] 

45 

Rrst catalyst: Ag-Rh/AlgOa 
y-alumina as a base material was impregnated with 
catalytic metals Ag and Rh simultaneously. 
Second catalyst: Pt+-MFI 

so 

Sample exhaust gas purifying catalyst SC10 
[0032] 

55 Rrst catalyst: Mn/Al203 

y-alumina as a base material was impregnated with 
a catalytic metal Ag. 
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Second catalyst: R*-MFl 
Sample exhaust gas purifying catalyst SC11 
[0033] * 

First catalyst: C0/AI2O3 

y-alumina as a Ijase material was impregnated with 
a catalytic metal Co. 

Second catalyst: Pt*-MFI 10 
Sample exhaust gas purifying catalyst SC12 
[0034] 

IS 

First catalyst: Ag/M2^z 

Y-alumina as a base material was Impregnated with 
a catalytic metal Ag. 
Second catalyst: Pt*-MFI 

20 

Comparative exhaust gas purifying catalyst CC1 3 
[0035] 

First catalyst: R*-MFI ^ 

Second catalyst: Pt*-MFI 

[0036] The exhaust gas purifying catalyst comprising 
the first catalyst containing a single catalytic metal was 30 
prepared in the same manner as the first catalyst 2 
(Ag/MgOa) of the sample exhaust gas purifying catalyst 
SCI 2 described above. Specifically. 150 g/L base mate- 
rial and 0.44 mol/L catalytic metal were supported on a 
25 mL honeycomb substrate. The exhaust gas purifying ss 
catalyst comprising the f irst catalyst containing two cat- 
alytic metals was prepared by impregnating the base 
material with salts of the catalytic metals dissolved in 
deionized water and then drying and calcining it The 
total amount of two catalytic metals contained in the first 4o 
catalyst was 0.22 mol/L 

[0037] As apparent from Figure 3, the sample exhaust 
gas purifying catalysts SCI to SC12 comprising the first 
catalyst which contains either one of catalytic metals 
Ag. Co and Mn show greater C300 NOx purification effi- 4S 
ciency than the comparative exhaust gas purifying cata- 
lyst (marked CC13 in Figure 3) comprising the Pt*-MFI 
first catalyst and have maximum NOx purification effi- 
ciency approximately equal to or greater than that of the 
comparative exhaust gas purifying catalyst CC13. This sc 
fact indicates that a catalyst containing either one of cat- 
alytic metals Ag. Co and Mn works as the first or 
upstream catalyst with improved NOx purification effi- 
ciency. A comparison of the sample exhaust gas purify- 
ing catalysts SC4 through SC7 and XII containing Ag as Si 
a catalytic metal in the first catalyst with one another 
reveals that alumina is prominent as a base material- A 
comparison of the sample exhaust gas purifying cata- 



lysts SC2, SC8. SC9 and SC12 with one another 
reveals that a combination of Ag with another catalytic 
metal such as Rh and. in particular, Ni is desirable to be 
used together with an alumina base material of the first 
catalyst. Further, a comparison of the sample exhaust 
gss purifying catalysts SC3 and SC11 which contains 
Co as a catalytic metal in the first catalyst with one 
another reveals that FAU zeolite is prominent as a base 
material. As apparent from a comparison of the sample 
exhaust gas purifying catalysts SCI and SC3, a combi- 
nation of catalytic metals Co and Ce with an FAU zeolite 
base material provides remarkably improved NOx puri- 
fication efficiency. 

[0038] The sample exhaust gas purifying catalysts 
SC3 through SC12 have Cmax temperatures approxi- 
mately 100*C higher than the comparative exhaust gas 
purifying catalyst CC1 3 comprising the Pt*^-MFI first cat- 
alyst. This facts suggests that the NOx purification activ- 
ity is developed in different ways between the sample 
exhaust gas purifying catalysts SC3 through SCI 2 and 
the comparative exhaust gas purifying catalyst CC1- 
That is, according to the inventor's experimental and 
experiential understanding is that the comparative 
exhaust gas purifying catalyst CC13 comprising R*- 
MFI first and second catalysts only converts NO for the 
most part by directly reducing and decomposing NO 
and that since, while each sample exhaust gas purifying 
catalysts SC3 - SC12 has a Pt*-MFI second catalyst, it 
has a first catalyst having the function of oxidizing NO to 
NO2 disposed upstream from the Pt*-MF1 second cata- 
lyst, the Pt*-MFI second catalyst has the function of 
reducing and decomposing NO2 produced by the first 
catalyst in addition to the function of directly reducing 
and decomposing NO. This is well substantiated by 
measurements of NO conversion efficiency, the result of 
which is shown in Rgure 4. 

[0039] NO conversion efficiency measurements were 
made for the first or upstream catalysts of the sample 
exhaust gas purifying catalysts SC1 - SC3. SC8 - SC10 
and SC12 under the same condition as the NOx purifi- 
cation efficiency measurements. In this instance, how- 
ever, the inlet temperature of simulated exhaust gas 
was increased at a rate of as^'C/min after holding the 
simulated exhaust gas at 150'C for five minutes. As 
seen In Rgure 4. each sample exhaust gas purifying 
catalysts have inlet temperatures for the maximum NO 
conversion efficiency agreeing with the maximum tem- 
perature, accurately or approximately, for NOx purifica- 
tion efficiency (shiown in Figure 3), respectively 
[0040] For sample exhaust gas purifying catalysts 
SCI 4 through SC23 comprising the fi^Mz^z ^'^^ 
lysts and different second catalysts, respectively. NOx 
purification efficiency measurements were made under 
the same condition excepting that the inlet temperature 
; of simulated exhaust gas was increased at a rate of 
25*»C/min after holding the simulated exhaust gas at 
160*'C for five minutes. The result of C300 NOx purifica- 
tion efficiency and Cmax tenrtperature measurements is 
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summarized in Figure 3. 

[0041] The respective sample exhaust gas purifying 
catalysts SC14 through SC23 were comprised of the 
following first arxl second catalysts. 

Sample exhaust gas purifying catalyst SC14 

[0042] 

Rrst catalyst: Ag/Al203 

Second catalyst: R*-MFI • Pt/H-MFI 
Sample gas purifying catalyst SCI 5 
[0043] 

First catalyst: Ag/Al203 

Second catalyst: Pt*-MFI 

(This sample was the same as the sample exhaust 
gas purifying catalyst SCI 2) 

Sanple exhaust gas purifying catalyst SCI 6 



[0045] 

First catalyst: Ag/AlgOa 

Second catalyst: Au/H-MFI 
H-type MFI zeolite as a base material was impreg- 
nated with a catalytic metal Au. 

Sample exhaust gas purifying catalyst SCI 8 

[0046] 

First catalyst: Ag/Al203 

Second catalyst: Ir/H-MFl 

H-type MFI zeolite as a base material was impreg- 
nated with a catalytic metal tr. 

Sample exhaust gas purifying catalyst SCI 9 

[0047] 

First catalyst: Ag/Al203 



Second catalyst: Rh/H-MFI 
H-type MFI zeolite as a base material was impreg- 
nated with a catalytic metal Rh. 

5 Sample exhaust gas purifying catalyst SC20 
[0048] 

Rrst catalyst: Ag/Al203 

10 

Second catalyst: Pt/H-p 

H-type p-zeolite as a base material was impreg- 
nated with a catalytic metal R. 

IS Sample exhaust gas purifying catalyst SC21 

[0049] 

Rrst catalyst: Ag/Al203 
20 Second catalyst: Pt/H-MFI 

H-type MFI zeolite as a base material was impreg- 
nated with a catalytic metal Pt. 

Sample exhaust gas purifying catalyst SC22 



ial was impregnated with 



catalyst SC23 
[0051] 

Rrst catalyst: 

Second catalyst: Ag/Al203 
40 r^lumina as a base material was impregnated with 
a catalytic metal Ag. 

[0052] Sample exhaust gas purifying catalyst SC14 
was prepared by mixing Pt*-MFI catalyst powder and 

45 Pt/H-MFI catalyst powder with a weight ratio of 1 : 1 and 
wash-coating the mixture on a 25 mL honeycomb sub- 
strate such that the total weight of the base materials 
was 150 g/L and the amount of R was 0.15 g/L after 
ion-exchanged and 0.5 g/L after dried and solidified. 

so The second catalyst of each sample exhaust gas purify- 
ing catalyst SCI 5 - SC23 was prepared by spray-drying 
a mixture of a base material and a catalytic metal solu- 
tion with a specified ratio and further drying the mixture 
at a temperature between 100 and 20Q**C for one hours 

ss and calcining it at a temperature between 500 and 
600°C for two hours to provide second catalyst powder. 
The catalyst powder was wash-coated on a 25 mL hon- 
eycomb substrate and sut)sequently dried at a temper- 



[0044] 

Rrst catalyst: Ag/Al2C>3 

Second catalyst: Pt-lr/H-MFI 
H-type MFI zeolite as a base material was impreg- 
nated with catalytic metals R and Ir simultaneously. 

Sample exhaust gas purifying catalyst SCI 7 



25 



30 



35 



[0050] 

Rrst catalyst: Ag/AI^ 

Second catalyst: Pt/Al203 
y-alumina as a k>ase matei 
a catalytic metal Pt 

Sample exhaust gas purifying 
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ature between 100 and 200°C for one hours and 
calcined at a temperature between 500 and 600°C for 
two hours. The amounts of base material and catalytic 
metal of the coated second catalyst were 150 g/L and 1 
g/L, respectively. s 
[0053] As apparent from Rgure 5, the sample exhaust 
gas purifying catalysts SCI 4 and SC15 which comprise 
the second catalyst including Pt*-MFI show remarkably 
greater C300 NOx purification efficiency and maximum 
NOx purification efficiency than the remaining sample io 
exhaust gas purifying catalysts SC16 to SC23. The 
remaining sample exhaust gas purifying catalysts SCI 6 
to SC22 show which comprise the second catalyst 
including R or other catalytic metals supported on MFI 
or H-p zeolite show C300 NOx purification efficiency is 
and/or maximum NOx purification effidency inferior to 
those of the sample exhaust gas purifying catalyst 
SC23 which comprises the Ag/Al203 first and second 
catalysts. These facts indicate the usefulness of the Pt*- 
MFI catalyst and is considered to result from supporting 20 
Ft on MFI zeolite through Ion exchange. There are 
some reasons for the remarkably superior C300 NOx 
purification efficiency and maximum NOx ptfflficatlon 
efficiency of the exhaust gas purifying catalysts SCI 4 
and SC15 which contain Pt supported as a catalytic 25 
metal on MFI zeolite through ion exchange. Specifically, 
the R+-MFI catalyst has the function of clacking HC in 
an exhaust gas and then catalysing reduction of NO2 
witii tiie highly activated HC. ion exchange makes R 
possible to be dispersed and supported on MFI zeolite 30 
at level of atom, which increases dispersion of Pt with 
an effect of Improving the catalytic activity, and Pt is 
made easy to attract NO2 due to electrical charge devi- 
ation. The same is true for catalysts which contain 
anotiier catalytic metal such as Rh and Pd in place off R 3S 
or support a catalytic metal on metal silicate in place of 
MFI zeolite. 

[0054] In order to evaluate performance of ttie exhaust 
gas purifying catalyst of the invention, field tests were 
made to measure NOx and HC purification efficiency in 40 
JPN 10-15 mode of tiie sample exhaust gas purifying 
catalyst SC9 comprising the Ag-Rh/AleOs first catalyst 
and the R*-MFI second catalyst. The Ag-Rh/AfeOa first 
catalyst was coated on a 1 .3 L honeycomb substrate 
such that it contained 30 g/L Ag and 1 g/L Rh supported 4S 
by 150 g/L alumina, and tiie Pt*-MFI second catalyst 
was coated on a 2.0 L honeycomb substrate such tiiat it 
contained 0.5 g/L R supported by 150 g/L MFI zeolite. 
The comparative exhaust gas purifying catalyst CC13 
comprising tiie R*-MFI first and second catalysts. Each so 
R*-MFI catalyst was coated on a 3.3 L honeyconi) sub- 
strate such that it contained 0.5 g/L Pt supported by 150 
g/L MFI zeolite. Each of these sample exhaust gas puri- 
fying catalyst SC9 and comparative exhaust gas purify- 
ing catalyst CC1 3 was mounted on a vehicle which had ss 
an overall weight of 1,625 kg and was equipped with a 
diesel engine having a displacement of 1.7 Ustroke. 
NOx and HC concentrations in the exhaust gas from the 



diesel engine were 50 to 60 ppm and 1 0 to 1 ,000 ppm. 
respectively. The result of the field tests is shown in Fig- 
ure 6. 

[0055] Ab apparent from Figure 6, tiie sample exhaust 
gas purifying catalyst SC9 has NOx and HC purification 
efficiency in JPN 10-15 mode both greater than tiie 
comparative exhaust gas purifying catalyst CC13. 
[0056] Conversion of NO to N02 by the Ag-Rh/AlgOa 
first catalyst is a major reason for the greater exhaust 
gas purifying performance of the sample exhaust gas 
purifying catalyst SC9. In light of this, in order to evalu- 
ate tiie effect of Ag contents of the first Ag/Al203 on NO 
conversion efficiency, maximum NO conversion effi- 
ciency measurements were made under the same con- 
dition as the NO conversion efficiency measurements 
for the sample exhaust gas purifying catalysts SCI - 
SC3. SC8 - SC10 and SCI 2, tiie result of which is 
shown in Figure 4, for sample exhaust gas purifying cat- 
alysts of the invention which comprised Ag/Al203 first 
catalysts having Ag contents different from one another. 
The Ag/Al203 first catalyst contained alumina and 
binder of 1 30 g/L in total weight and a weight ratio of 5 : 
1. The result is shewn in Figure 7 in which line L indi- 
cates the maximum NO conversion effk^iency of an 
exhaust gas purifying catalyst comprising a Pt/Al203 
first catalyst which had a 2 g/l R content. It is revealed 
from Figure 7 that tiie Ag content of tiie Ag/Al203 first 
catalyst is favorable to be between 1 5 and 1 50 g/L and, 
more specifically, between 20 and 120 g/L. 
[0057] In addition to tiie evaluation of tiie effect of Ag 
contents of tiie first Ag/Al203 on NO conversion effi- 
ciency, tiie effect of a catalytic metal in combination of 
Ag of tiie first catalyst was further studied. NO conver- 
sion efficiency measurements were made for various 
first catalysts containing various combinations of two 
catalytic metals, Ag and another catalytic metal such as 
La, Ce, Fe, Co, Ni or Cu, supported by y-alumina as a 
base material t>efore and after suifuration treatment. 
The suifuration treatment is referred to exposing a first 
catalyst to an SO2 gas consisting of 50 ppm SO2. 20 % 
O2 and tiie remainder of N2 at 350''C for 30 minutes. 
[0058] NO conversion effidency measurements were 
made by exposing tiie first catalyst to an exhaust gas 
ftow which was Increased at a rate of 30®C/min. after 
held at 160"C for five minutes and circulated through the 
exhaust gas flow tunnel apparatus at a space velocity of 
85000/h. The exhaust gas was simulated as follows. 



HC 


: 170 ppmC (dodecane C12H26) 


O2 


:10% 


CO 


: 200 ppm 


NO 


: 1 70 ppm 


CO2 


:4.5% 
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N2 : Reminder 

[0059] The following sample first catalysts SCF1 to 
SCF7 were prepared for measurements of NO conver- 
sion efficiency before and after the sulfuration treat- 5 
ment. 

Sample first catalyst SCF1 : Ag/M^O^ 

[0060] 10 

y-alumina as a base material was impregnated with 
a catalytic metal Ag. 

Sample first catalyst SCF2: Ag-La/Al203 is 

[0061] 

7-alumina as a base material was impregnated with 
first and second catalytic metals Ag arxi La. simul- 20 
taneously. 

Sample first catalyst SCF3: Ag-Ce/Al203 

[0062] zs 

Y-alumina as a base material was impregnated with 
first and second catalytic metals Ag and Ce> simul- 
taneously 

30 

Sample first catalyst SCF4: Ag-Fe/Al203 
[0063] 

Y-alumina as a base material was impregnated with 3S 
first and second catalytic metals Ag and Fe. simul- 
taneously. 

Sample first catalyst SCF5: Ag-CQ/Al203 

40 

[0064] 

Y-alumina as a base material was impregnated with 
first and second catalytic metals Ag and Co, simul- 
taneously. 45 

Sample first catalyst SCF6: Ag-Ni/Al203 

[0065] 

50 

Y-alumina as a base material was impregnated with 
first and second catalytic metals Ag and Ni, simulta- 
neously. 



Sample first catalyst SCF7: Ag-Cu/Al203 
[0066] 

Y-alumina as a base material was impregnated with 
first and second catalytic metals Ag and Cu, simul- 
taneously 

[0067] In preparation of the sample first catalyst, a 7- 
alumina powder as a base material and a hydrated alu- 
mina powder as a binder were mixed with a weight ratio 
of 10 : 1 , and the mixture was added with water to pro- 
vide a mixture slurry. A honeycomb substrate, having a 
volume of 25 mL, 400 cells per square inch and a wall 
thickness of 0.006 inch, was dipped in and drawn from 
the mixture slurry and dried in an oven. The process 
was repeated until 150 g/L alumina base material (150 
g per one lit. of substrate) was supported as a layer on 
the honeycomb substrate 1 . The alumina layer on the 
honeycomb substrate 1 was impregnated with a speci- 
fied quantity of a catalytic metal solution. The catalytic 
metal solution was prepared by dissolving a silver ' 
nitrate alone, or a mixture of a silver nitrate and a nitrate 
of another catalytic metal, in deionized water and dried 
at 200°C in an oven and then calcined at SOO^'C for two 
hours in an electric furnace. The base material coated 
on the honeycomb substrate was impregnated with the 
catalytic metal solution such that the first catalyst SCF1 
contained 120 g/L relumina as a base material and 30 
g/L Ag. or each of the remaining first catalysts SCF2 to 
SCF5 contained 120 g/L Y-alumina as a base material, 
30 g/L Ag and 0.44 mol/L other catalytic metal. 
[0068] The result of measuremenrts of C300, C250 
and maximum NO conversion efficiency of the respec- 
tive sample first catalysts SCF1 to SCF5 before the sul- 
furation treatment is shown in Figure 8. A temperature 
at which the maximum NO conversion efficiency (Cmax) 
was attained is indicated in Figure 8. As apparent from 
Figure 8, the sample first catalysts SCF1 and SCF3 to 
SCF6 before the sulfuration treatment show C300 and 
C250 NO conversion efficiency greater than the sample 
first catalysts SCF2 and SCF7 before the sulfuration 
treatment. It is also apparent that the sample first cata- 
lyst SCF4 shows maximum NO conversion efficiency 
slightly smaller than the sample first catalyst SCF1 and. 
however, shows C300 and C250 NO conversion effi- 
ciency greater than the sample first catalyst SCF1 and 
that the combinations of Ag and another catalytic metal 
are contrikxjtory to improving initial NO conversion effi- 
ciency of the first catalysts, in particular of the first cata- 
lyst SCF6. The first catalyst SCF5 show high initial NO 
conversion efficiency especially at higher temperatures. 
[0069] In light of the result of NO conversion efficiency 
of the first catalysts before the sulfuration treatment, 
measurements of NO conversion efficiency were made 
for the first catalysts SCF1 and SCF3 to SFC6 after the 
sulfuration treatment, the result of which is shown in 
Rgure 9. As apparent from Figure 9, the first catalyst 



55 



10 



IS 



25 



30 



9 



17 



EP0 947235 A1 



18 



containing Ag In conibination of Ce, Fe, Co or Ni after 
the sulfuration treatment shows significantly inproved 
NO conversion efficiency as compared with the first cat- 
alyst containing Ag alone. The combination of Ag and 
Fe, Co or Ni is especially superior. This fact reveals that 5 
the combinations of Ag and another catalytic metal such 
as Ce, Fe, Co and Ni are contributory to improving NO 
conversion efficiency of the first catalysts after the sulfu- 
ration treatanent. 

[0070] It is therefore revealed from the above evalua- 
tion that the combination of catalytic metals, such as Ag 
in combination with Ag, Ce, Fe. Co or Ni. is effective in 
improving NO conversion efficiency and resistance to 
sulfuration of the first catalyst. 
[0071] In Older to study an effect of simultaneous 
impregnation or separate impregnation with catalytic 
metals on NO conversion efficiency of a first catalyst 
before and after the sulfuration treatinent. measure- 
ments of C300, C250 and maximum NO conversion effi- 
ciency were made for various flrsl catalysts. 
[0072] The following sample first catalysts SCF8 to 
SCF13 were prepared. 

Sample first catalyst SCF8: Co-Ce/FAU 

[0073] 

FAU zeolite as a base material was impregnated 
with a first catalytic metal Co and thereafter with a 
second catalytic metal Ce. 

Sample first catalyst SCF9: Co-Ce/FAU 

[0074] 

FAU zeolite as a base material was impregnated 
with first and second catalytic metals Co and Ce, 
simultaneously. 

Sample first catalyst SCF10: Ni-Ag/Al203 

[0075] 

y-alumina as a base material was impregnated with 
a first catalytic metal Ag and thereafter with a sec- 
ond catalytic metal Ni. 

Sample first catalyst SCF1 1 : Co-Ag/Al203 

[0076] 

y-alumina as a base material was impregnated with 
a first catalytic metal Ag and thereafter a second 
catalytic metal Co. 

[0077] The respective sample first catalysts were pre- 
pared by the same manner for the sample first catalysts 
SCF1 - SCF7. Each of tiie sample first catalysts SCF8 



and SCF9 coated on a honeycomb substrate contained 
120 g/L base material, 0.88 mol/L Co and 0.44 moI/L 
Ce. Each of tiie sample first catalysts SCF10 and 
SCF11 coated on a honeycomb substrate contained 
120 g/L base material. 30 g/L Ag. and 0.44 mol/L Ni or 
0.44 mol/L Co. The results of measurements of C300. 
C250 and maximum NO conversion efficiency of the 
respective sanple first catalysts SCF8 to SCF1 1 before 
and after ttie sulfuration treatment are shown in Figures 
10 and 11, respectively. C300, C250 and maximum NO 
conversion efficiency of the respective sample first cat- 
alysts SCF5 and SCF6 t^fore and after the sulfuration 
treatment are incorporated in Figures 10 and 11. 
respectively. 

[0078] As apparent from Rgures 10 and 1 1 , while sep- 
arate impregnation with two catalytic metals improves 
NO conversion efficiency of the first catalyst and. how- 
ever, is inferior in improvement of NO conversion effi- 
ciency of the first catalyst to simultaneous impregnation 
with two catalytic metals. This is considered from the 
reason that the second catalytic metal Ce, Ni or Co 
which is used in combination with a first catalytic metal 
Ag or Co exhibits its catalytic effect as a result of a uni- 
form mix of tiie first and second catalytic metals at level 
of atom rather than a result of physically covering up tiie 
first catalytic metal with the second catalytic metal. 
[0079] Figure 12 shows a double layer first catalyst 
according to another emkxxJiment of the invention. A 
double layer first catalyst comprises a first catalytic 
metal under layer 5 formed on a honeycomb substrate 4 
and a second catalytic metal over layer 6 formed over 
the first catalytic metal layer 5. The first catalytic m^ 
urKler layer 5 comprises a layer of a mixture of a base 
material and binder coated on the honeycomb substrate 
5 and impregnated with a first catalytic metal. The sec- 
ond catalytic metal over layer 6 comprises a layer of a 
mixture of an oxide of a second catalytic metal and 
binder coated over the first catalytic metal under layer 5. 
[0080] Evaluation of performance of the double layer 
first catalyst was made by measuring C300, C250 and 
maximum NOx and HC purification efficiency. The fol- 
lowing sample double layer first catalyst SCF14 to 
SCF19 were prepared. 

Sample double layer first catalyst SC14: 
AgA^eOa/AlaOa 

[0081] 

Under layer: Ag/Al203 

Y-alumina as a base material was impregnated with 
Ag as a first catalytic metal 
Over layer: Ce02 

A layer of Ce02 as an oxide of Ce as a second cat- 
alytic metal was formed over the under layer 
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Sample double layer first catalyst SC15: 
Ag/Mn02/Al203 

[0082] 

5 

Under layer: AQ/M2O3 

Y-alumina as a base material was impregnated with 
Ag as a first catalytic metal 
Over layer: Mn02 

A layer of MnOg as an oxide of Mn as a second cat- 10 
alytic metal was formed over the under layer 

Sample double layer first catalyst SCI 6: Ag/Fe02/Al203 

[0083] 15 

Under layer: Ag/Al203 

Y-alumina as a base material was impregnated with 
Ag as a first catalytic metal 

Over layer: Fe02 20 
A layer of FeOg as an oxide of Fe as a second cat- 
alytic metal was formed over the under layer 

Sample double layer first catalyst SCI 7: Ag/CoO/AlgOa 

25 

[0084] 

Under layer: Ag/Al203 

y-alumlna as a base material was impregnated with 
Ag as a first catalytic metal 30 
Over layer: CoO 

A layer of CoO as a oxide of Co as a second cata- 
lytic metal was formed over the under layer 

Sample double layer first catalyst SCI 8: Ag^iO/Al203 3S 

[0085] 

Under layer: Ag/Al203 

Y-alumina as a base material was impregnated with 40 
Ag as a first catalytic metal 
Over layer: NiO 

A layer of NiO as an oxide of Ni as a second cata- 
lytic metal was formed over the under layer 

45 

Sample double layer first catalyst SC19: Ag/CuO/Al203 
[0086] 

Under layer: Ag/Al203 so 
Y-alumina as a base material was impregnated with 
Ag as a first catalytic metal 
Over layer: CuO 

A layer of CuO as an oxide of Cu as a second cata- 
lytic metal was formed over the under layer ss 

[0087] The respective sample double layer first cata- 
lysts were prepared by dipping an Ag/Al203 under layer 



prepared by the manner for preparing the Ag/Al203 first 
catalyst described above in and drawing from a slun-y of 
a mixture of an oxide of a secorKJ catalytic metal, binder 
and water to form an over layer of an oxide of the sec- 
ond catalytic metal. TTie double layer first catalyst was 
blown dry and then calcined at 500^*0 for two hours in 
an electric furnace. Each of the sample dout)le layer first 
catalysts SCF14 to SCF19 formed on the honeycomb 
substrate contained 120 g/L k^se material, 30 g/L first 
catalytic metal. Lfir Ag, and 0.5 mol/L second catalytic 
metal. 

[0088] NOx purification efficiency measurements 
were made urxier the same condition in which the inlet 
temperature of simulated exhaust gas was increased at 
a rate of SC'CAnin after holding the simulated exhaust 
gas at 160**C for five minutes. The result of C300 NOx 
purification efficiency and Cmax temperature measure- 
ments of the sample double layer first catalysts SCF14 
to SCF19 before and after the sulfuration treatment is 
summarized in Figures 13 and 14, respectively. 0300, 
C250 and maximum NO conversion efficiency of a com- 
parative single layer exhaust gas purifying catalyst 
CC24 comprising an Ag/AlgOs under layer only are 
incorporated in Figures 13 and 14. As apparent from 
Rgures 13 and 14, only the sample dout}le layer first 
catalyst SCF17 shows C300, C250 and maximum NO 
conversion efficiency before and after the sulfuration 
treatment higher than the comparative single layer 
exhaust gas purifying catalyst CC24. and the remaining 
sample double layer first catalysts SCF14 to SCF16, 
SCF18 and SCF19 show C300, C250 and maximum 
NO conversion efficiency before and after the sulfura- 
tion treatment lower than tiie comparative single layer 
exhaust gas purifying catalyst CC24. This fact reveals 
that the double layer first catalyst which is effective in 
converting NO to NO2 is one comprising an over layer of 
an oxide of Co as a second catalytic metal. 
[0089] As described above, with respect to C300. 
C250 arxJ maximum NO conversion efficiency before 
and after the sulfuration treatment, the Ag-Ni/Al203 first 
catalyst SCF6 which is impregnated with first and sec- 
ond catalytic metals Ag and NI. simultaneously, is most 
superior to tiie remaining first catalyst. In light of this, 
C300, C250 and maxinuim NO conversion efficiency 
measurements before and after the sulfuration ti-eat- 
ment were made for Ag-Ni/Al203 first catalysts having 
different Ni contents under the same condition in which 
the inlet temperature of simulated exhaust gas was 
increased at a rate of 30®C/min after holding the simu- 
lated exhaust gas at 160*^0 for five minutes. NOx purifi- 
cation efficiency measurements were made under the 
same condition In which the inlet temperature of simu- 
lated exhaust gas was increased at a rate of 25°C/min 
after holding the simulated exhaust gas at 160°C for five 
minutes. Figure 15 showvs the result of measurements 
of C250 and maximum NOx purification efficiency with 
respect to Ni content for Ag-Ni/Al203 first catalysts con- 
taining Ni and 30 g/L Ag before and after the sulfuration 
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treatment. As apparent from Figure 15. C250 and max- 
imum NOx purification efficiency has peaks at an 
approximately 26 g/L Ni content when the Ag-Ni/Al203 
first catalyst is before the sulfuration treatment and at an 
approximately 39 g/L Ni content when the Ag-Ni/Al203 
first catalyst is after the sulfuration treatment. This facts 
reveals that, for the Ag-Ni/AlgOa first catalyst containing 
30 g/L Ag. the Ni content is preferred to be between 20 
and 50 g/L, and more specifically between 25 and 40 
g/L Figure 16 shows the result of measurements of 
C250 and maximum NOx purification efficiency with 
respect to Ag content for Ag-Ni/Al203 first catalysts con- 
taining Ag and 26 g/L Ni before and after the sulfuration 
treatment. As apparent from Figure 16. it is revealed 
that, for the Ag-Ni/Al203 first catalyst containing 26 g/L 
Ni. the Ag content is prefenred to be between 20 and 60 
g/L, and more specifically between 30 and 60 g/L. 
[0090] From the above evaluation, the Ag-Ni/Al203 
first catalysts is preferred to contain 20 to 60 g/L Ag or 
more spedf ically 30 to 60 g/L Ag and 20 to 50 g/L Ni or 
more specifically 25 to 50 g/L Ni. 
[0091 ] It is to be understood that although the present 
Invention has been described with regard to prefen-ed 
embodiments thereof, various other embodiments and 
variants may occur to those skilled in the art, which are 
within the scope and spirit of the invention, and such 
other emtxxliments and variants are intended to be cov- 
ered by the following claims. 

Claims 

1 - An exhaust gas purifying catalyst (1) characterized 
by a first catalyst (2) for oxidizing NO to NO2 and a 
second catalyst (3) for reducing the oxidized NO2 to 
Ng. 

2- The exhaust gas purifying catalyst as defined in 
claim 1. wherein said second catalyst clacks HC 
having a large cartx)n number to HC having a small 
carbon number and causes the clacked HC to react 
with NO2 so as thereby to reduce the NOg. 

3. The exhaust gas purifying catalyst as defined In 
claim 2, wherein said first catalyst (2) contains at 
least one selected out of catalytic metals Ag, Co 
and Mn. 

4. The exhaust gas purifying catalyst as defined in 
claim 3, wherein said catalytic metal of said first cat- 
alyst (2) is supported on at least one of base mate- 
rials including alumina, mesopore silicate and FAU. 

5. The exhaust gas purifying catalyst as defined In 
claim 3. wherein said first catalyst (2) further con- 
tains at least one selected out of catalytic metals Ni, 
Ce, Rh and Fe. 



claim 2, wherein said first catalyst is supported on a 
substrate and contains 20 to 60 g per one liter of 
said substrate and 20 to 50 g per one liter of said 
substrate as catalytic metals. 

5 

7. Tlie exhaust gas purifying catalyst as defined in 
claim 2, wherein said first catalyst comprises an 
under catalyst layer containing Ag as a catalytic 
metal coated on a substrate and an over catalyst 
10 layer containing Co as a catalytic metal coated over 
said under catalyst layer. 



8. The exhaust gas purifying catalyst as defined in any 
one of said proceeding claims 2 through 6. wherein 
said second catalyst contains a catalytic metal sup- 
ported on a metal silicate through ion exchange. 
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9. The exhaust gas purifying catalyst as defined in 
claim 8. wherein said catalytic metal contained in 
said second catalyst comprises a noble metal. 



10. The exhaust gas purifying catalyst as defined in 
claim 1 , wherein said catalyst contains at least one 
selected out of catalytic metals Ag and Co and at 

25 least one selected out of Ni and Ce. 

11. The exhaust gas purifying catalyst as defined in 
claim 1, wherein said catalyst containing 15 to 150 
g per one liter of said sttetrate of Ag supported on 

30 alumina as a base material. 

12. The exhaust gas purifying catalyst as defined in 
daim 1. wherein said catalyst (1) contains Ag and 
at least one selected out of Ni. Ce, Rh, Ce and Fe. 
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13. An exhaust gas purifying catalyst characterized by: 

a first catalyst (5) containing at least one 
selected out of catalytic metals Ag, Co and Mn; 
and 

a second catalyst (6) containing a noble metal 
supported on metal silicate through ion 
exchange. 



14. The exhaust gas purifying catalyst as defined in 
claim 13. wherein said first catalyst (5) contains Ag 
as said catalytic metal and said first and second 
catalysts (5. 6) are formed as individual layers on a 

50 substrate (4). 

15. The exhaust gas purifying catalyst as defined in 
claim 14, wherein said layer of said second catalyst 
(6) is formed over said layer of said first catalyst (5) 

55 on said substrate. 



6. The exhaust gas purifying catalyst as defined in 
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